The preparation of dilute alloy of GaSb and Mn, ͑Ga, Mn͒Sb, with a few percent of Mn by molecular beam epitaxy and its magnetotransport properties are reported. Magnetotransport measurements show a pronounced anomalous Hall effect and negative magnetoresistance below 50 K. The results suggest that Mn atoms are incorporated in the GaSb host, resulting in the formation of the ferromagnetic semiconductor, ͑Ga, Mn͒Sb.
I. INTRODUCTION
Due to exchange interaction between itinerant holes and magnetic spins, III-V diluted magnetic semiconductors ͑DMSs͒ such as ͑In, Mn͒As and ͑Ga, Mn͒As show anomalous Hall effect, critical scattering, and magnetoresistance effects.
1-4 These magnetotransport properties were used to reveal that the ferromagnetic transition temperature, T c , of ͑Ga, Mn͒As can be as high as 110 K. 4 In addition, one can prepare III-V DMS heterostructures in combination with its nonmagnetic counterpart, where one can observe phenomena that cannot be seen in conventional nonmagnetic semiconductors. [5] [6] [7] [8] It is certainly interesting to explore combinations other than Mn and arsenides to see if one can control the magnetic and semiconducting properties. Here we report preparation and magnetotransport properties of a III-V DMS, ͑Ga, Mn͒Sb. GaSb offers an opportunity to study chemical trends of interaction between carriers and magnetic spins in a different host without the need of additional doping, because of the low acceptor levels of Mn and Fe in GaSb. 9, 10 Furthermore, ͑Ga, Mn͒Sb offers a new degree of freedom in the InAs/GaSb system. Previous attempts to prepare highly Mn doped GaSb by bulk growth, where one prepares material close to equilibrium, was reported previously 9, 11, 12 with inconclusive results of having an alloy between GaSb and Mn. Here, we employ molecular beam epitaxy ͑MBE͒ which can grow epitaxial layers far from equilibrium.
II. GROWTH OF "Ga, Mn…Sb FILMS
Due to the limited solubility of transition metals in III-V compounds and in order to prevent the surface segregation and/or the formation of second phase, growth of ͑In, Mn͒As and ͑Ga, Mn͒As was carried out under nonequilibrium by low-temperature molecular beam epitaxy ͑LT-MBE͒. 13, 14 In this work, we also employed LT-MBE for the growth of ͑Ga, Mn͒Sb to minimize the formation of the MnSb second phase. At high growth temperatures (T s ϳ560°C), a typical growth temperature for GaSb MBE growths, almost complete phase separation of GaSb and MnSb occurred. Growth and properties of high-temperature grown GaSb:MnSb are reported elsewhere. 15 200-nm-thick ͑Ga, Mn͒Sb films with a nominal Mncontent xϽ0.04 were grown at T s ϭ250°C on ͑Al, Ga͒Sb buffer layer/semi-insulating GaAs ͑001͒ substrate. x was estimated from the beam-equivalent pressures ͑BEP͒ and also from x of ͑Ga, Mn͒As, grown under the same fluxes of Ga and Mn, determined by x-ray diffraction measurement.
14 Sb stabilized condition ͑V/II BEP ratioϳ7͒ was maintained and no intentional doping was used. Reflection high-energy electron diffraction ͑RHEED͒ was used for the surface monitoring during growth. RHEED showed intensity oscillation at the initial stage of growth, indicating layer by layer growth. A streaky (1ϫ3) pattern was maintained throughout growth, which indicated that the growth proceeded epitaxially. Similar RHEED patterns and oscillations were also observed for LT-MBE of GaSb with no Mn. When T s and/or x was too high, RHEED showed a spotty pattern indicating the formation of MnSb second phase, which eventually turned to a halo pattern after further growth.
The surface morphology was observed by atomic force microscopy as shown in Fig. 1 . The sample with a streaky RHEED pattern showed a flat surface ͓Fig. 1͑a͔͒, whereas the sample with a spotty RHEED pattern showed a rough surface with small cluster structures ͓Fig. 1͑b͔͒. Since the size of clusters became larger with the increase of Mn for the samples grown at high temperature under the Sb-stabilized condition, these clusters are believed to be MnSb compounds.
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III. MAGNETIC AND MAGNETOTRANSPORT PROPERTIES
Magnetization versus magnetic field (M -B) curves for the sample with xϭ0.0086 with B parallel to the sample plane measured by a superconducting quantum interference device magnetometer are shown in Fig. 2 . M showed nonlinear dependence on B with small hysteresis. The existence of ferromagnetic order even at room temperature suggests the presence of MnSb clusters ͑MnSb T c ϳ580 K͒. 16 By assuming the clusters are MnSb ͑the magnetic moment per Mn ϳ3.5 B ;
16 B : Bohr magneton͒, we estimated from the value of saturation magnetization at 3 T at 300 K that about Magnetotransport properties were investigated at T ϭ1.5-300 K and B up to 5 T perpendicular to the sample plane. Hall resistance R Hall and sheet resistance R sheet were measured simultaneously using Hall bar geometry. For LTGaSb without Mn having the same thickness as that of ͑Ga, Mn͒Sb grown in the same MBE chamber, R Hall showed a linear dependence on B with a positive slope ͑p type͒ at all temperatures. Hole concentration p determined from the slope of R Hall decreased with the decrease of T ͑from 4 ϫ10
18 cm Ϫ3 at 300 K to 1ϫ10 18 cm Ϫ3 at 1.5 K͒. R sheet showed small positive magnetoresistance at temperatures above 10 K, and small negative magnetoresistance below 10 K, which may be due to the localization effect at low temperatures.
As shown in Fig. 3 , the magnetotransport properties of ͑Ga, Mn͒Sb with xϭ0.023 have quite different properties from those of GaSb. A much higher p of 1ϫ10 20 cm Ϫ3 determined at 300 K is believed to be supplied by Mn acceptors, and corresponds to 30% of the nominal Mn concentration. The value of p, together with the result of magnetization measurements, suggests that about 30% of Mn was incorporated in the form of ͑Ga, Mn͒Sb. The anomalous Hall resistance, which is generally observed in magnetic materials and is proportional to the perpendicular component of M to sample plane, was observed at low temperature ͑Ͻ50 K͒. The anomalous Hall resistance is believed to originate from the magnetic behavior of ͑Ga, Mn͒Sb. The contribution of the anomalous Hall effect was determined by subtracting the ordinary Hall resistance determined at 300 K from R Hall . It is interesting to note that the anomalous Hall coefficient is negative in contrast to ͑Ga, Mn͒As. 4, 8, 14 The negative anomalous Hall coefficient was reported for a few ͑In, Mn͒As films, the origin of which is still not clear. 17 T c of ͑Ga, Mn͒Sb was obtained from the Arrott plot (M 2 -B/M plot͒ and the Curie-Weiss plot ͑1/ -T plot, : magnetic susceptibility͒, where M and were determined from the anomalous Hall resistance. Both plots gave almost the same value of T c ϳ25 K. R sheet showed a negative magnetoresistance below 50 K, which is most probably due to the reduction of scattering by spin-disorder: 18 It showed almost no dependence on B above 50 K. Despite the absence of a Schottky barrier between p-type GaSb and metallic MnSb, we did not find any evidence for the interaction between holes and MnSb clusters.
IV. SUMMARY
LT-MBE growth of GaSb with high concentration of Mn resulted in two ferromagnetic phases, MnSb and ͑Ga, Mn͒Sb. 
